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My invention reiates fo improvements in al- 
ternating current arc welding with arcs estab- 
lished between electrodes having substantially 
different electron emissivities af arcing tempera- 
tures. Such arcs interpose a greater resistance 5 
to current flow with one polarity of the electrodes 
than with the reverse polarity thereof. Conse- 
quently, alteïnating cum'ent circuits for ener- 
gizing such arcs are traversed by a resultant di- 
rect current flow which is hot only detrimental 10 
to the apparatus used for supplying such alter- 
nating current but also results in certain welding 
difficulties. 
If is quite obvious that the resultant direct cur- 
rent flow in the alternating current circuit will 15 
produce saturation and heating effects in the 
apparatus employed for supplying the alternat- 
ing current. It is less obvious, however, that this 
direct current flow will produce unsatisfactory 
welds but such is the case, and meafls bave al- 20 
ready been proposed for eliminating or reducing 
to a low value the direct current flow in such 
circuits. 
The rectifier action of the arc above reïerred 
to is quite pronounced when the welding arc is 25 
established between a tungsten electrode and 
the work in an atmosphere of argon, helium or 
mixtures of these gases. When welding with 
such arcs the electron emissivities of the tungsten 
electrode is so much greater than that of the 30 
work parts that a substantial amount of direct 
current voltage is generated in the arc with a 
resultant flow of considerable direct current in 
the alternating current circuit. When welding 
certain metals this flow of direct current appears 35 
fo bave no detrimental effect on the weld in so 
far as coa!escence of the ïused metal is con- 
cerned. There are however, certain disadvan- 
rages which interfere with the welding operation. 
With an alternating current of unbalanced wave 40 
ïorm such as results from the direct current 
comportent produced by the arc, if bas been 
round that the weld metal bas a tendency fo pile 
up on one side of the weld producing undercut- 
ting on the other side of the weld, that flller wire 45 
melted off in the arc zone is hot deposited uni- 
formly but cornes off in chunks, and that as 
much as 25% more gas is needed for suitably 
shielding the arc and the molten metal af the 
arc from the influence of the surrounding ai- 0 
mosphere. Furthermore, the direct current com- 
portent will produce arc blow which is undesir- 
able. Also, weld penetration when the direct 
current comportent is present in the arc is hot 
as great as when this direct current componeut 5 
bas been eliminated. 
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With certain metals such as aluminum and its 
alloys, if is absolutely necessary to reduce this 
direct eurrent component to a very low value, 
preïerably zero, in order fo bave the ïused parts 
of the work flow together and form a satisïac- 
tory weld. Cum'ent flow from an aluminum work 
part to an inert gas shielded tungsten electrode 
produces or appears fo produce an oxide film 
on the work which inhibits coalescence of the 
fused weld metal. This oxide film, however, is 
cleaned up when the electrode is positive and the 
work is negative. Consequently, when welding 
with alternating current if there is a sufficient 
current flow during half cycles when the elec- 
trode is positive, if is possible fo make satisïac- 
tory welds in aluminum with the inert gas 
shielded tungsten arc above referred to. 
It bas already been proposed fo reduce the 
direct current component of alternating current 
flow in an argon shielded arc established between 
a tungsten electrode and the work by using open 
circuit alternating current voltages greater than 
145 volts and preferably greater than 200 volts. 
Like results with such an arc in a helium shield- 
ing atmosphere may be obtained by using alter- 
nating current whose open circuit voltage is 
greater than 280 volts and preferably greater 
than 380 volts. This method of operation bas 
been described and claimed in the U. S. Letters 
Patent 2,474,023 lichard F. Wyer, June 21, 1949, 
for Method of Gas-Shielded Alternating Current 
Arc Welding. Furthermore, when using low 
voltage sources of commercial îrequency and 
voltages less than those referred fo above, if is 
possible fo weld with such inert arcs if super- 
imposed high frequency of sufficiently high volt- 
age is used for initiating current flow through 
the arc during each hall cycle of the alternating 
current power source. The resulting current 
flow will be unbalanced however and productive 
of the undesirable results above considered. 
The use of high voltage alternating current 
sources of commercial frequency is inherently 
dangerous to the welding operator and the use 
of superimposed high frequency is furthermore 
undesirable because of its radio interference. If 
is possible however to use lower open circuit 
voltages for supplying power to the welding arc 
if the direct current comportent is reduced fo 
zero or a very low value by introducing into the 
welding circuit suitable biasing means for ac- 
complishing this result. Such arrangements 
bave been disclosed and claimed in U. S. Letters 
Patent 2,472,323 Allanson U. Welch, Jr., June 7, 
1949, for Arc Welding. The arrangement most 
commonly used in accordance with the teachings 



of this Welch ,patent is a series connected cs, paci- 
tor which blocks direct current flow but readfly 
passes the alternating current to the welding 
arc. In view of the magnitude of the currents 
employed in welding, such series capacitors are 
of necessity quite large and expensive and add 
greatly fo the size and weight of the welding 
transformer with whiC'h these are nsually as- 
sociated. 
Itis an object of my invention to eliminate the 
direct current comportent of current flow result- 
ing from the use of an alternating current weld- 
ing arc established between electrodes of ub- 
stantially different electron emissivities by con- 
necting two such arcs in series with one another 
so that the rectifier action of one arc is balanced 
against the rectifier action of the other arc. 
These arcs may both be used for welding orthe 
welding action may be limited only to one arc. 
There are, however, so many applications where 
a plura!ity of arcs may be employed on the work 
parts ai the saine rime that my invention wll 
flnd its greatest applicability in simultaneously 
performing a plurality of welding operations on 
the saine or different work parts. 
The novel feattu'es which I believe to be.char- 
acteristic of my invention are set forth with par- 
ticularity in the appended claires. The invention 
itself together with further objects and advan- 
rages thereof can best be understood by reference 
to the following description taken in connection 
with the accompanying drawing in which Fig. 1 
shows one form of apparatus ïor welding .in ac- 
cordance with my invention and Fig. 2 shows one 
form of arc welding agency which produces with 
alternating current the undesireddirect current 
flow which is eliminated from the we!ding circuit 
by using my invention. 
In the alternating current welding circuit :shown 
in Fig, 1 of the drawing, a pair of.seriesconnected 
arcs are established.between electrodes 
and the work 3. These electrodes ! and 2 in- 
herently bave, or under imposed operating condi- 
tions bave at arcing temperatures substantiàlly 
the saine electron emissivities relative to one 
other which electron emissivities are however 
either substantially greater or substantially less 
than the e!ectron emissivity oî the work between 
which and the electrodes arcs are established by 
the alternating current supplied thereto. Elec- 
trode ! is connected through the secondary trans- 
former winding  of a high-frequency high volt- 
age generator  and an adjustable current con- 
trolling reactor G to one terminal of the secondary 
7 of a welding transformer 3. The other electrode 
2 is connected through conductor 9 to the .other 
terminal of the secondary 7 of the welding trans- 
former 8. The welding circuit is completed be- 
tween the electrodes ! and 2 through the work 
or work parts 3 which as illustrated in the draw- 
ing may be connected to ground. The primary 
10, of the welding transformer is connected to a 
source of alternating current supply 12 through 
the switch members of a contactor ! having an 
operating winding 3 whose energization may be 
controlled by the welding operator to connect and 
disconnect the welding transformer from the 
source of supply. 
With the arrangement illustrated it will be 
noted that one of the electrodes is connected to 
one terminal of the alternating current source of 
supply and that the other electrode is connected 
to the other terminal of the alternating current 
source of supply so that when one electrode is 
one polarity the other electrode is .of the opposite 
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polarity. If the electrodes ! and 2 are the tungs- 
ton electrodes of gas-arc torches by means of 
which argon, helium, or mixtures thereof are sup- 
plied s, bout the arcs and the molten portions of 
5 the moral in the work 3 and if the work 3 is cf 
aluminum or an alloy thereof, if will be round 
that the arcing characteristics are such that cuï- 
rent flowsmore readily from the work fo the elec- 
trodes when they are of negative polarity and act- 
10 ing as cathodes. Otherwise stated, each welding 
arc between the electrodes ! and 2 and the work 
3 is of lower electrical resistance when the elec- 
trode is of negative polarity than when it is of 
positive polarity. If a single such welding arc 
15 were employed in the alternating current circuit 
abov_e, described, there would be a resultant direct 
current flow in the a.lternating current circui 
whichwould be from the work to the electrode 
and an unbalanced wave of welding current would 
20 flow :through the-arc and the welding circuiç. 
This .unbglanced flow of alternating current 
woùld.preduce:saturation and overheati]g of the 
welding transformer and would produce undesir- 
able welding, conditions most of which bave been 
25 aboverecited and need not be repeated bore. 
series..connecting tlze arcs between electrodes 
and 2 and the'work 3 in the manner illustrated 
in the drwing, it wfll be noted that when thc 
resistance to current flow in one arc is high, the 
0 resistance to current flow in the other arc is low 
and vice versa, so that the resultant electric 
sistance of the welding circuit is uniform and 
there is consequently no tendency for the genera- 
tion of a direct current voltage at the arcs which 
5 will be productive oï the undesired direct current 
flow in the alternating current welding circuit. 
 In.order.to.balance out completely the rectify- 
ing Characteristic of one arc against that of the 
other arc itis necessary that these arcs be of 
4 substantiälly the saine characteristics. This 
means that the electrodes must be of substan- 
tially the saine material and size and operate 
der substantially the saine conditions as fo cur 
rent ctensity, heating, etc., so that their rectify- 
45 ing.characteristics are the same or substantially 
so. Furthermore, means must be provided so that 
both of the arcs are.established at the saine time 
and so that if one of the arcs becomes extin- 
guished the other arc must also become extin- 
50 guished. This ltter condition may be imposed 
by spacingthe «electrodes ! and 2 from the work 
ata fixed lisPance equal to the arc gap desired for 
the weldin-g-.arcs bèing employed. Consequently, 
ïl one o the arcs becomes .extinguished, their 
55 series :connection will s, utomatically insure tha 
both s, rcs «are ,extinguished. Various means may 
be employed or positioriing these electrodes in 
the manner :above specifled and since the con- 
sumption of 'the tungsten electrode in a shield- 
60 ing-gas of argon or helium is very gradual, the 
arrangement may or may hot embody some means 
for manually or automatically adjusting the elec- 
trodes during the welding operation a!though 
most velding operations may be performed with 
65 the initial adjustment of the electrodes which 
from rime to rime may be spaced from the work 
as desired belote beginning a new welding oper- 
ation. 
V¢ith the electrodes spaced from the work as 
70 specified some means must be provided for simui- 
taneously starting the arcs. This, in the arrange- 
ment illustrated, I bave accomplished by means 
of the high frequency generator  previously re- 
ferred .to as having a secondary transformer wind- 
75 ing  connected in series circuit with the arcs and 
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the source of low frequency power current sup- 
plied fo the arcs by the welding transformer 8. 
The secondary winding 4 is part of a high fre- 
quency transformer I having a primary winding 
S which is connected through a spark gap 16 to 
the secondary 17 of the input transfolner 16. A 
capacitor 19 is connected in shunt to the second- 
ary 17 of transformer 16 and forms part of the 
osci]]ating circuit. The primary 2{} oî transform- 
er 18 is connected to a source of low voltage of 
commercial frequency through a current limiting 
resistor 21 and a push button switch 22. When 
tlae push button switch 22 is c!osed to start the 
arcs, high voltage high frequency current is sup- 
plied across the arc gaps between e]ectrodes I and 
2 and the work S, the circuit being completed 
through a bypass capacitor 2S. Once the arc gaps 
bave been broken down by the high frequency 
cm'rent the power circuit for the arcs is com- 
pleted and they may be thereafter fed with we]d- 
ing current from the low frequency power trans- 
former 8 without employing the high frequency 
circuit again until if is desired fo initiate another 
welding opeïation. 
Although hot limited thereto, each of the 
electrodes I and 2 may be the electrode 2 of 
a gas-arc torch having the structure illustrated 
in Fig. 2. This electrode 24 is of tungsten and 
is held in the torch 2 by the jaws of a spring 
collet 26 which is attached fo the end of an 
e]ectrica]]y conductive gas tube 27 which in 
tmï is connected to one of the welding circuit 
conductors 28. This tube 27 also constitutes a 
means for supplying a gas such as argon or 
helium about the arcing terminal of the elec- 
trode 2 and the molten portions of the work 
opposite thereto. To prevent short circuits and 
protect the welding operator from shocks this 
tube may be electrica]ly insulated by a sleeve 
of insulation 29 which in turn is covered by a 
wear resisting metallic sleeve 38. A nozzle 1 
is supported by frictional engagement with the 
end of sleeve $8 and is thereby insu]ated from 
the current carrying parts of the torch. This 
nozzle provides a chamber enclosing the end of 
tube 27 and the electrode holding collet 26 
mounted thereon. Gas supplied through tube 
27 fiows into this chamber through a plurality 
of openings $2 in the side wall of tube 27. This 
gas is discharged from the tip of the nozz]e 
SI about the arcing terminal of the electrode 2 
onto and about the portions of the work ren- 
dered molten by the arc established ai the tip 
of the electrode. A gas-arc torch of the con- 
struction illustrated is frequently referred to 
as an inert-arc torch. 
As previously described two torches such as 
illustrated in Fig. 2, each having substantially 
the saine physical proportions and each operat- 
ing with substantially the same ad]ustments so 
that their arcs have substantially the same 
operating characteristics, are provided in the 
a]ternating current welding circuit of Fig. 1. 
These torches may be positioned over the same 
work part S as illustrated in Fig. 1 or over a 
plurality of work parts which are electrically 
connected in series with one another to com- 
plete the arcing circuit between the electrodes 
I and 2. There are many arrangements where 
two arcs may be employed af the same rime 
such as, for example, when welding spaced por- 
tions of the same seam, welding two circumfer- 
ential or rectflinear seams spaced from one 
another and included in the same work assem- 
bly or in other such arrangements as will read- 
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ily occur to those skilled in the ark Where the 
weld is fo be, reinforced, flller metal may be 
added to one or both of the arcs and the arcs 
may be arranged in tandem on the same seam 
5 slightly spaced from one another in order to 
build up a deposit as required when filling the 
welding groove between parts of substantial 
thickness. 
My invention is not limited fo the employ- 
10 ment of gas-arc torches such as illustrated in 
Fig. 2 or to the welding of aluminum parts with 
such torches since the rectifying characteristics 
of arcs of the tYpe considered are hot limited 
fo gas-arc torches and when such gas-arc 
]5 torches are employed for welding metals other 
than aluminum and its alloys there is a decided 
rectifying action whlch however with certain 
metals is not as detrimental as when welding 
aluminum and its alloys. 
20 By balancing the rectifying action of one arc 
established between electrodes having substan- 
tially different electron emissivlties at tempera- 
tures produced by the welding arc established 
therebetween, with the rectifying action of 
25 another arc of the same characteristics and by 
providing means for starting these arcs simul- 
taneously and maintaining both of such arcs 
long as either Is in operation, it is possible to 
eliminate completely the undesired direct current 
30 component of current flow in the alternating 
current circuit employed for energizing these 
arcs. This also improves welding conditions and 
when welding aluminum and its alloys Is 
quired to produce welds of satisfactory equality. 
$5 Other arc striking means than that illustrated 
may be employed for simultaneously initiating 
both arcs. The only requirement for the best 
operating characteristics is that both arcs be 
started af the same rime and that both arcs be 
40 extinguished af the same rime. The latter re- 
quirement follows automatically by reason of 
their series connections if suitable means are 
provided for simultaneously starting these arcs. 
Various arrangements employing my invenr 45 tion as to method or apparatus wi]l occur fo 
those skilled in the art, and I consequently aim 
fo cover by the appended claims all such modifi- 
cations and adaptations of my invention as fall 
within the true spirit and scope thereof. 
50 What I claim as new and desire fo secure by 
Letters Patent of the United States is: 
1. In an alternating current circuit including 
a pair of electrodes having substantially differ- 
ent electron emissivities af the temperatures 
produced by an arc established therebetween 
whereby said circuit including said arc has a 
greater resistance to current fiow when one of 
said electrodes is of one polarity than when itis 
60 of the opposite polarity, the method of prevent- 
ing direct current fiow in said alternating cur- 
rent circuit which comprises providing an addi- 
tional pair of electrodes of the same arcing char- 
acteristics as the electrodes of said arc, connect- 
65 ing said electrodes and the electrodes of said arc 
in series circuit with one another with like elec- 
trodes for both of said arcs connected fo termi- 
nals of said source of alternating current which 
.are of opposite polarity, simultaneously establish- 
70 ing arcs between both of said pairs of electrodes, 
and maintaining both of said arcs so long as either 
of them is in operation whereby the combined 
electrtc resistance characteristics of said arcs is 
substantially the same during hall cycles of op- 
75 posite polarity and a resultant direct current fiow 
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In:Saîd alternatlng current circuit Is thereby pre- 
vènted. 
.2. The method of are welding work-parts of 
aluminum and ifs alloys which-.comprises con- 
nectirig a tUngsten electxode fo one terminal of 
an:alternating current source of supply, connect- 
ing another tungsten electrode having the saine 
physical gharacteristics as said flrst tungsten 
electrode fo the 0ther terminal of said sourci of 
alternting Outrent 'supply, simultaneously es- 
tblishing n arc between each of s-aid electrodes 
and work parts of sáid aluminum and ifs alloys 
having the same rcing characteristics with 
tungstC to producemolten pools of metal in said 
work parts 0pposie each of said electrodes, sup- 
 plying about tlearcing 'tërminals of said elec- 
trodes and thWmolten .meal produced thereby 
Rt Subtantially the sáme .rate and under sub- 
stantially the saine conditions the saine shielding 
gas sele6ted from the group consisting of argon 
and helium, and maintaining said arcs at sub- 
stntlly the saine length so long as either of 
them is in operation Whereby the rectifying char- 
acteritics of said arcs are opposed fo one another 
and a direct Current comportent of current flow in 
said lternatin current circuit is prevented. 
S. Arc weldingapparatus comprising a pair of 
alterriating current conductors having opposite 
polarities whenenergized f-fore a source of alter- 
nating current, electrodes having at arcing tem- 
peratures the saine but substantially different 
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electon erntssivities than the work tobe welded 
so that the arc estabiished between each of said 
electrodes and the work hasa greater electric re- 
sistance-fo current flow with one electrode po- 
larity than with the reverse electrode polarity, 
means for connecting one of said elecoeodes to 
one of said-alternating current conductors and 
the other of said electrodes to the other of said 
alternatingcurrent conductors, the circuit be- 
tween said electrodes being completed through 
-work parts pòsitioned opposite said electrodes, 
means for positioning-said electrodes af substan- 
kially the. saine arcing distance from the work, 
and means for-simultaneously establishing arcs 
between .each of said,electrodes and the work fo 
prodce-zones of fusion in.the work opposite each 
of said electrodes. 
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